Introduction
Our interest lies in the study of the deformation electron density in complexes containing the secondrow elements such as silicates, sulfates and chlorates.
In the present paper we present our results on KC104.
The crystal structure of KC10 4 was determined by Gottfried & Schusterius (1933) and refined by Mani (1957) and Johansson & Lindqvist (1977) . The present work is based on a combined X-ray and neutron diffraction study at 120 K.
Experimental
Suitable crystals were obtained by recrystallization of KCIO 4 from an aqueous solution. The cell constants were determined in the X-ray experiment from the setting angles of 15 reflections. A review of the diffraction experiments is given in Tables 1 and 2.* to four equivalent reflections; profile analysis; two standard reflections after every 50 reflections, longrange fluctuations of 2.5 %, data rescaling with respect to the standards; absorption correction; weights w(1) = [¢72(I)counting + (0.031)2] -1. The weight of an averaged reflection was equal to the sum of the weights of the individual reflections.
X-ray diffraction
A Syntex P21 diffractometer with Nb-filtered Mo Ka radiation was used: 09/20 scan; temperature 120 K, Enraf-Nonius low-temperature device, thermocouple in the cold-air stream, calibrated by studying the phase transition of KH2PO 4 at 122.8 K; two sets of X-ray data from two crystals; two to seven equivalent reflections; profile analysis (Blessing, Coppens & Becker, 1974) .
Three standard reflections were remeasured after every 60 reflections: maximum fluctuations of 3%, no intensity decrease due to radiation decay, data were rescaled with respect to the standards; absorption correction was by numerical integration over 8 x 8 x 8 Gaussian grid points. The equivalent reflections were averaged. The weighting scheme was the same as for neutrons.
Structure refinement

Neutron diffraction
The four-circle P32 diffractometer at the Kernforschungszentrum Karlsruhe was used: crystal dimensions 2.3 x 2.2 x 2.0 mm; Air Products Displex cryostat, temperature 120 (+1) K; w-scan mode; two * See deposition footnote.
Scattering lengths for C1 and O were taken from Koester (1977) . The scattering length of K, which is less well known, was refined together with the structural parameters. The value obtained, b K = 3.65 (2) fm, is slightly smaller than the value of 3.71 (2) fm reported by Koester (1977) . An extinction correction was made using the formalism of Coppens & Hamilton (1970) . A type I anisotropic extinction correction was found to give slightly better agreement factors than type II anisotropic or isotropic extinction. The minimum trans-2 mission factor for extinction was y = F2obs /Fcorr = 0.703 for the 040 reflection. No atomic parameters changed more than ½o among the different types of extinction refinement, while the scale factor was unaffected by the type of extinction treatment.
An attempt to include third-cumulant thermal coefficients (Johnson, 1970) did not lead to any significant improvement. Final agreement factors are reported in Table 1 , atomic parameters in Table 3 .*
X-ray diffraction
Scattering factors were taken from International Tables for X-ray Crystallography (1974) . Anomalousdispersion factors (Cromer & Liberman, 1970) were applied to all atoms. An isotropic extinction coefficient was refined as described by Larson (1969) . For each of the two data sets two kinds of refinement were performed: (i) a conventional refinement using all the data and (ii) a high-angle refinement using only those reflections with sin0/2 > 0.75A-L In the latter refinement the extinction coefficient was kept invariant. In data set 2 the scale factor showed a considerable correlation with the thermal parameters in the highangle range. Consequently it was fixed at a value obtained by a refinement on the data with sin 0/2 > 0.65 A -1.
Agreement factors, positional parameters and the anisotropic thermal parameters are reported in Tables 1 and 4.* * Lists of structure factors, Fig. l 
Discussion
Bond distances and angles derived from the neutron data set are reported in Table 5 . The structure at 120 K is similar to the room-temperature structure (Johansson & Lindqvist, 1977) .
All positional parameters derived from the neutron and the two X-ray data sets are very similar (Table 4 ). In order to detect any significant differences, the various sets were analyzed with the help of half-normal probability plots (Hamilton & Abrahams, 1972) . The only differences (2.5 and 3.0o) larger than the expected values (1.9o) occur for atom O(3), when X-ray data set 1 is compared with the neutron results. These differences are found in both the refinement on all the X-ray reflections and in the high-angle refinement, although the shifts are in different directions. The positional parameters derived from X-ray data set 2 do not differ significantly from the neutron diffraction results.
Larger differences are found, however, when the temperature factors of the various parameter sets are compared. Systematic differences along the unit-cell axes, averaged over the five atoms, are given in Table   6 .* Obviously the neutron determination gives larger values for U~I and U22 and smaller values for U33 than the two X-ray determinations [largest difference, A U22 = 0.00087 (15) A2]. The X-ray results are more consistent, although a difference of 3o is found in U~I [AUII = 0.00030 (9) A2]. Similar discrepancies in thermal parameters are often found in combined X-ray and neutron diffraction studies (Fuess, Bats, Dannfhl, Meyer & Schweig, 1982) and are believed to result from an accumulation of systematic effects like errors in the absorption and extinction correction, instrumental misalignments, truncation errors at large diffraction angles (Denne, 1977) and the neglect of thermal and structural diffuse scattering. These inconsistencies in thermal parameters have to be taken into account * See deposition footnote. (4) before the calculation of electron density maps with the X-N technique can be performed. The electron density distribution in KC104 has been analyzed in a number of different ways. (I) A difference Fourier synthesis has been calculated using the reflections with sin 0/2 < 0.80 A -1 and the atomic parameters from the high-angle refinements. The corresponding X-X (high-angle) density is shown in Fig. l(b )* in the O(2)-CI-O(3) section for both the X-ray data sets. The two maps agree within 0.1 eA -3.
(II) X-N electron densities have been calculated for both the X-ray data sets. To account for the systematic * See deposition footnote. differences in thermal parameters among the X-ray and neutron thermal parameters, the neutron thermal parameters have been modified by adding the correction factors reported in Table 6 . The resulting X-N densities were again rather similar for the two data sets. Subsequently the two X-N densities were averaged. This was achieved by a weighted averaging of the Fourier coefficients of the two data sets. The corresponding average X-N density has been calculated up to sin 0/2 = 0.85 A -1 and is shown in the left-hand side of Fig. 1 (a) for a number of O-CI-O sections. A measure of the accuracy of the electron density is the statistical error averaged over the unit cell a(/)) = (2 V/2/V)[~ 0"2(F)] 1/2 (Cruickshank, 1949) and is 0.047 e A -3 for the present result. This value explains the spurious peaks, i.e. peaks or troughs at places where no density is expected, of about 0.15 e A -3 (= 3a) in the general position and 0.20 e A -3 in the mirror plane where errors tend to accumulate.
In order to reduce the noisy appearance of the electron density distribution it has been attempted to filter the data using a multipole-expansion method.
(III) The multipole-expansion formalism LSEXP (Hirshfeld, 1977) has been applied to both X-ray data sets. A full set of multipole coefficients (monopole up to hexadecapole) was assigned to C1 and each of the three independent O atoms. The exponents of the radial dependent functions exp (-ar) were fixed to a = 6.0. The K atom was supposed to be ionic. It was assigned a K + scattering factor and no deformation functions. The structure was constrained to be neutral. In initial trials the positional and thermal parameters of the atoms were refined simultaneously with the deformation coefficients and the scale factor. However, the temperature factors and scale factor were correlated with the monopole coefficients and the positional parameters with the dipole terms. Some of the resulting positional parameters were significantly different from the neutron values resulting in a highly artificial electron density distribution. Therefore, we kept the positional and thermal parameters of the C1 and O atoms fixed to the neutron values. The thermal parameters were again modified as described above. The R factors resulting from these multipole refinements have been included in Table 1 . They are much lower than those of the conventional X-ray refinements. Residual densities were calculated following these refinements. Residual peaks up to 0.15 e A -3 were found. None was significant, however, with respect to the statistical error in the Fourier syntheses. The multipole coefficients obtained from the two data sets were averaged and used to calculate a dynamic deformation density up to a resolution of sin 0/;t = 0.90A -1. Corresponding sections are shown in the right-hand side of Fig. l(a) for comparison with the X-N density. Similar sections based on the static deformation density showed higher peaks. In contrast to the dynamic density, however, the static density appeared to be rather sensitive to the choice of the radial exponents a. The quality of the data is probably not sufficient to deduce the static density. The dynamic density appears less dependent. Consequently we prefer to base our discussion on the dynamic instead of the static deformation density.
The dynamic density is very similar to the X-N density. This is not surprising as fixing of the positional and thermal parameters would require this result. The main advantage of the multipole deformation density is that the spurious peaks have disappeared, resulting in a smooth electron density with peaks better centered in the bonds.
The three independent CI-O bonds show a good similarity. Excess electron density is observed at the midpoints of the C1-O bonds with a peak height of about 0.35 e A -a. Lone-pair peaks are found at the O atoms under angles of 95 ° to 100 °. Troughs are found near the O atoms in the C1-O bonds. The vicinity of the C1 atom is electron deficient and shows minima in the extension of the O-Cl bonds.
Comparison of Figs. l(a) and l(b) shows that the X-N and X-X (high-angle) maps give a rather similar density in the C1-O bonds. The lone-pair density at the O atoms, however, is not well reproduced in the X-X density. This indicates a contribution of the deformation electron density to the X-ray reflections at higher angles.
The deformation density in KC10 4 shows little resemblance to the multipole deformation densities of NH4C10 4 and NaC104.H20 reported by Lundgren (1979 Lundgren ( , 1980 . That author, however, reported a high correlation between multipole coefficients and structural parameters. Therefore, it is doubtful whether these multipole densities correspond to the actual deformation electron density in these compounds. Fig. 2 shows the dynamic deformation density in cross sections through the midpoints of the CI-O bonds. The electron density has an approximate cylinder symmetry about the bond. Cross sections through the O atoms perpendicular to the CI-O bonds are given in Fig. 3 and show 
